INTRODUCTION
Silicate glasses are widely used for containers, windows, doors and some other industrial applications. More recently the shift in demand from heavy to lighter glasses with excellent physical qualities is on the increase. Therefore, it becomes necessary to obtain a desirable balance between weight, physical and other mechanical properties of silicate glasses. This research work therefore is geared towards investigating the mechanical properties of silicate glasses by mixing various alkaline earths in silicate glass. The essence of adding alkaline earth metal was to observe its effects on the mechanical, thermal properties and the densities of the respective glasses. This study is interesting and significant in that outstanding results on the effects of mixed alkaline earth oxides on silicate glasses were obtained. A more important aspect of the study was the creation of twelve mixed alkaline earth oxide in potash silicate glasses. Their effects observed on the thermal properties with emphasis on the mechanical properties and densities on the respective mixtures. More so, the densities, the glass transition temperatures, the fracture toughness, hardness, brittleness, shear modulus, young modulus and the Poisson ratio for the twelve mixtures were established. Extant studies showed that the production of glasses of any type requires the presence of certain elements which include the glass formers, the glass modifiers, and intermediates [1] . Similarly, for sand samples to be adequate for glass making, it must contain a minimum requirement of silicate content as shown in a study conducted using sand samples from Yarazan and Mulgubi which contains the minimum required silicate contents of 77.7% and 77.6% respectively [2] . In a related study, [3] , pointed out those captions whose field strength lies between 1.5 and 2.0 (Ge, B, Si, P) are network formers, and that materials whose glass transition temperatures to glass melting ratio greater than 0.7 are good formers. . . . Generally, glass formers are oxides which produce glass readily. Some of the oxides that can form glasses easily are B2O3 , P2O3 and SiO2 [4] . In a similar study, [5] observed that in an alkaline silicate, the structural units' volume remain constant with its composition. This finding was corroborated in [6] . In a related study, [7] observed that the presence of alkali chloride in a typical soda -lime -silicate glass batch up to the limit of solubility of chlorine in the melt contributes alkaline to the glass forming process. The study added that at a higher chloride concentration in the batch, a separate salt melt which is referred to as gaile is formed. Glass and gaile forms two immiscible melts. Other factors in the formation of glasses using alkaline earth metal include the amount of non-reactive compound such as sulphates and chlorides present. The papers added that the chlorides can be up to 50 wt% of total ash content [8 -11] . In two separate studies, [12] as well as [13] noted that near equilibrium condition, the total amount of alkaline earth oxide in the glass melt is generated by the melting temperatures only if the excess line reach phase (parting layer) is in direct contact with the melt. [14] , corroborates this findings. In [18] , the effects of reinforcement combinations of various hand lay-up GRP laminates of e-glasses was studied. More so, [15] carried out a comprehensive review of the factors affecting the composition of early Egyptian glasses made from alkaline earth oxide and recommended a safe working transition temperature. Elsewhere, [16, 17] used evaporation studies to carry out investigation on medival glasses. The study showed a significant increase in the firing temperatures for the formation of glasses. [18] . The paper added that certain reinforcement combinations in a hand lay-up E-glasses, exhibits the properties of increasing strength with increasing temperature. Also, Sand, potassium carbonate (K2Co3), calcium carbonate (CaC03), barium carbonates (BaC03).and anhydrous magnesium carbonate 4MgCo3Mg (O.H)2. 5H2O were used as sources for (SiO2, K2o, CaO, BaO, and MgO. The batch composition by mole is shown in Table 1 . To achieve homogeneity, each batch was weighed using precision weighing scale, then dried. For ease of identification, each dried mixed sample were labeled and placed in small sample bags. This was done to prevent, contaminations of the various samples in addition to easy identification and control. Melting: Melting: Melting: Melting: clean platinum crucible was used to melt the various batches at a temperature of 1400 0 C using electric furnaces for a period of one hour. The melt (product) was stirred for four hours using platinum paddle. To produce the desired glass blocks, the mutter glass was poured into a rectangular pre-heated steel mould after five hours of melting: immediately after this, the melt was placed into an electric furnace for an hour at 560 0 C then allowed to cool to room temperature at 1 0 C per minute.
Glass Cutting Glass Cutting Glass Cutting Glass Cutting: : : :-Each glass bulk was cut into two smaller pieces of 20mm by 20mm by 10mm in size using an isomet 5000 linear precision saw ( a water cooled low speed diamond saw) with a blade speed of4000 revolution per minute, feed rate of 4.0mm/m and thickness of 0.635mm. The cut pieces were then air dried to remove water and prevent surface deterioration by hydration. 
In (1), MA is the mass of object in air, MW is the mass of object in water and ρ is the density of water Mechanical Testing:----The edges of the glass were grounded using 120/240/400/800 and 1200 water cooled grits of silicon carbide. The grounded glass pieces were polished using 6/3/ and Nm diamond paste. The sample were rinsed in water and dried after the polishing operation. In order to remove residual stresses, re-annealing at 560 0 Cat one hour was carried out. The glass pieces were cooled to room temperature at 1 0 C per minute. The residual stresses removed were confirmed using Polaris cope. When the glass sample had completely cooled down, one face was tested using Mitutoyo Hm 101 vickers Microhardness indenter. The loads used for the test were 0.3, 0.5, 1.0, 2.5, 5.0 and 10kg respectively. While the waiting time was pegged at 20 seconds, five indents were administered for each sample. The Vickers indention hardness, X Y was calculated using
In (2), p is the applied load and d is the indent diagonal.
The total length of the crack growth extending from the diagonals of each indent was measured and remeasured after 24 hour interval. The fracture toughness was estimated using
In (3), C is the length of crack and Kk is the fracture toughness Similarly, the brittleness (B) was calculated using the expression Density Measurements Density Measurements Density Measurements Density was measured for two different glass series system (A and B) by using the Archimedes method. The series A and B averaged glass densities are presented in Table 3 . The glass series B (MgO-BaO) indicated the highest density, while glass series A values of density were comparatively lower. There was a significant decrease in the glass densities ol the B series with decreasing Ba0 vvhIle the densities of the A glass series decreased slightly with decreasing CaO.
3.2 3.2 3.2 3.2 Differential Thermal Analysis (DTA Differential Thermal Analysis (DTA Differential Thermal Analysis (DTA Differential Thermal Analysis (DTA) Differential thermal analysis was used to obtain the A and B glass series, glass transition and crystallization temperatures. The (glass temperature of transition) Tg was taken at the point where an endothermic activity was first noticed, similarly the (crystallization temperatures) T were read at the initiation of the exothermic peak. The values for these temperatures (crystallization and glass transition) were presented in Table 2 . Values obtained for the crystallization temperature of the series A glass (MgO and CaO) are the highest when compared with those of the B series glasses (MgO and BaO). The exotherniic and endothermic peaks for series A glass appear well defined, while those of the series B glass were unnoticeable. The Tg values of the series B glass were comparatively lower than those of series A glass. In glass series B, the higher exothermic peak was found within the single alkaline base glass (BVI) while the peak of higher endothermic event was found amongst the mixed alkaline earth oxide B series glass, the Tg of the B series glass seemed to be increasing with the decreasing ratio of( BaO: MgO). Both the exothermic and endothermic features of the B series glass were highly indistinct. There was also an increase in crystallization temperatures of the B series glass with decreasing ( BaO: MgO)ratio. In series A glass, the single alkaline earth oxide base glasses has higher glass transition temperature than the mixed alkaline earth oxide glasses. Results of series A glass [)TA showed that the exothermic activities (peaks) with decreasing ( CaO: MgO) ratio were much more sharper and intense when compared to those of the series B glass. Apart from AIV and AV glasses that do not have obvious exothermic peaks, all series A glasses have very high exothermic peaks while Alto AIV have small endothermic peaks. Table  5 . Similarly, Table 5 shows clearly the mechanical properties of the potash silicate glass: (hardness, indentation toughness, brittleness, Young's modulus, shear moJulus and Poisson ratio) against the fraction of magnesia of the alkali earth oxide sum for the series A and B (all of mixed alkaline earth). These mechanical properties -toughness, hardness, elastic moduli and brittleness-were plotted against the magnesia fraction of the sum of the mixed alkaline earth oxide content for the two series of glass (A and B) which all contain mixed alkaline earth oxide. In glass series A, the brittleness, hardness and elastic moduli (Young's modulus, shear modulus and Poisson ratio) all decreased as the content of magnesia increased, while the fracture toughness for this series of glass increased with increasing magnesia content. A similar pattern was observed for. the hardness, brittleness and fracture toughness of B series glass. The brittleness and hardness decreased with the increasing magnesia content whil the fracture toughness increased as the content of magnesia increased'. The elastic moduli of the glass series B took on an oddly irregular pattern. Initially as the magnesia content increased, the elastic moduli were increasing (Bi, Bli, and Bill) then it started decreasing (BIV) and finally increased (BVI). It was suspected that the reason why this may have happened was because of an error in the source of raw material used for the magnesia. The partial replacement of larger ion of alkaline earth (CaO, BaO) tlorn smaller ion of alkaline earth (MgO) does not increase the modulus. On the average, the hardness values for glass series B which contain the larger ion, is comparatively lower than those of glass series A whose calcium ion is smaller than that of barium ion. This is because barium ions are heavier, so the brittleness of the barium containing glass is expected to be higher than that of calcium which is the case as seen in Table 4 ; B series glass has the maximum brittleness. The hardness ranking for the series A and B glass is of the order of series A > series B. The fracture toughness values for the series B glass appeared to be lower than expected even though both glass series show a continuous increase with increasing magnesia content. Hardness, toughness, brittleness, Young's modulus, shear modulus and Poisson ratio were plotted against the 'calcia + baria' molar ratio to silica for both series A and B glasses. The brittleness of the series A glass was increasing as the molar ratio of (CaO + BaO) to that of Si02 increased, this trend was similar to that of the B series glass. The hardness of both series A and B glass was found to increase with increasing (calcia + baria/ silica) content. Fracture toughness for both glasses decreased with increasing (calcia + banal silica) content. The elastic moduli (Young's modulus, shear modulus and Poisson ratio) of the series A glass increased with the (CaO + BaOl Si02) content, but those of the glass series B displayed a rather irregular pattern. most importantly its mechanical properties have been studied in 12 different silicate glasses. The mixed alkaline effect (MgO:CaO ) showed very minimal effect on the densities of the A glass series. The addition of (MgO: BaO) to glass matrix of the B series glass significantly increased its density. The addition of (MgO:CaO) in the series A glass increased their glass transition temperatures, however, these additions of mixed alkaline (AII, AIII, AIV, AV) earth when compared to (AI, AVI) all of single alkaline earth, lowered the glass transition temperature. These mixed alkaline earth additions also influenced the crystallization temperatures of the glasses. Both series A and B glasses exhibited the same behaviour with fracture toughness, hardness and brittleness, where their hardness and brittleness decreased with increasing magnesia content while their fracture toughness increased as the magnesia content increased. The elastic moduli of the series A glasses decreased with increasing magnesia, but those of the B series glasses had a random and irregular behaviour with increasing magnesia. Generally speaking, there were slight improvements in the mechanical properties of both glass series (A and B). Glasses of mixed alkaline earth had better mechanical properties than those of their single alkaline counterpart. Improvement in the mechanical property depends on what purpose the glass is intended to serve (that is whether it is to be used for ordinary glasses which can tolerate stresses of about 2.6Mpa or high quality glasses). However, this improvement will contribute immensely in building ideas that will further the silicate glass production for future applications.
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